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In accordance with the present invention a port- 


antenna (5) provided in the cover (3), and a power sup- 



able radio (1 ) includes a casing (2), a cover (3) attached 
to the casing (2) and opened and closed as desired, an 



ply means (6) provided to excite the antenna (5). The 
antenna (5) is fomied by providing a notch (4) in a con- 
ductive layer incorporated In the cover (3). 
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Description 
Technical Field 

[0001] The present Invention relates generally to port- 
able radio or mobile radio sets and particularty to those 
having a housing (hereinafter referred to as a "cover") 
opened and closed, as desired, and provided with an 
antenna. 

Background Art 

[0002] In Japanese Patent Laying-Open No. 
.8-186518 an example of a radio communication appa- 
ratus is disclosed having a cover opened and closed, 
as. desired, and provided with an antenna (hereinafter 
referred to as a "cover antenna"). 
[0003] This cover antenna has first and second com- 
ponents and when the cover is opened the first compo- 
nent is tuned in to an operating frequency of a transmis- 
sion and reception circuit and when the cover is dosed 
the second component is tuned in to the operating fre- 
quency of the transmission and reception circuit. As' 
such whether the cover is opened or closed the cover 
antenna can be tuned in to the operation frequency of 
the transmission and reception circuit. 
[0004] The radio communication apparatus disclosed 
in the above document, however, would have a cover 
provided with two substantial antennas and these an- 
tennas that are coupled are a concern as antenna effi- 
ciency may be decreased. Furthemnore the cover an- 
tenna as described above would require two power feed 
lines which are also difficult to provide as they are re- 
quired to be provided at a connection (a hinge) of the 
cover and the housing. 

Disclosure of the invention 

[0005] The present invention has been made to over- 
come the disadvantages as described above. An object 
of the present invention is to provide a portable radio or 
mobile radio set having a cover opened and dosed, as 
desired, and provided with an antenna, wherein provi- 
sion of a power feed line can be facilitated while reduc- 
tion of antenna efficiency can be prevented. 
[0006] The present invention provides a portable ra- 
dio including: a casing ; a cover attached to the casing 
and opened and closed as desired; an antenna formed 
by providing a notch in a conductive layer incorporated 
in the cover; and power supply or feeding means for ex- 
citing the antenna. 

[0007] Since the cover can incorporate a conductive 
layer notched to form an antenna, as described above, 
even with the cover closed a wide band can be ensured 
for a return loss of approximately no more than - 6dB, 
as shown In Fig. 2. Assuch, whether the cover is opened 
or closed, a single antenna can be sufficient and it is no 
longer necessary to provide the cover with two anten- 



nas, as conventional. Consequently, reduction of anten- 
na efficiency can be reduced. Since a single antenna 
suffices a single power feeding line accordingly suffices 
and it can thus readily be provided. 

5 [0008] Preferably the conductive layer is provided 
substantially throughout the cover and the notch starts 
from an end of the cover free of a connection to the cas- 
ing and extends in the cover inwardly. 
[0009] Furthermore the notch preferably extends in 

10 the direction of the length of the casing. This allows a 
polarized wave to be provided in a direction orthogonal 
to the direction of the length of the casing to produce 
vertical polarization in use. 

poi 0] Preferably the notch has a length correspond- 

is ing to one fourth of a wavelength. Furthenmore, prefer- 
ably the notch as seen lengthwise has one end larger 
in width than the other end. A further increased band 
can be provided if the one end of the notch as seen 
lengthwise is positioned opposite a connection of the 

20 cover and the casing or corresponds to a top end of the 
notch (an end thereof that is opened). Furthemnore, if it 
is positioned closer to the connedlon of the cover and 
the casing or closer to a foot of the notch, the notch can 
be reduced in length. 

25 [0011] The notch may at least partially be bent in ge- 
ometry. This can also reduce the notch in length. 
[0012] Preferably the casing is provided with a reso- 
nator excited by the antenna. The resonator may be a 
% wavelength resonator having one end with short cir- 

30 cult and the other end with open circuit or a 14 wave- 
length resonator having opposite ends with open circuit. 
Furthermore the resonator is preferably positioned to be 
adjacent to the antenna when the cover is closed. 
[001 3] The present portable radio preferably includes: 

35 first and second matching circuits; detection means de- 
tecting whether the cover is open or closed; a first switch 
switching according to a result obtained from the detec- 
tion means, to connect the first and second matching 
circuits to the antenna; and a second switch switching 

40 according to a result obtained from the detection means, 
to connect the first and second matching circuits to the 
power feeding means. 

Brief Description of the Drawings 

45 

[0014] 

Fig. 1 schematically shows a configuration of a port- 
able radio in a first embodiment of the present in- 

50 vention. 

Fig. 2 represents a relationship between return loss 
and frequency for the antenna of the Fig. 1 portable 
radio when the cover is closed. 
Fig. 3 schematically shows a configuration of a port- 

55 able radio In a second embodiment of the present 
invention. 

Fig. 4 represents a relationship between return toss 
and frequency for the antenna of theTig. 2 portable 
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radio when the cover is closed. 
Rg. 5 schematicalty shows a configuration of a port- 
able radio in a third embodiment of the present in- 
vention. 

Fig. 6 schematically shows a configuration of a port- 
able radio In a fourth embodiment of the present in- 
vention. 

Fig. 7 schematically shows a configuration of a var- 
iation of the Fig. 6 portable radio. 
Fig. 8A schematically shows a configuration of a 
portable radio In a fifth embodiment of the present 
invention. 

Fig. 8B shows the Fig. 8A portable radio with the 
cover closed. 

Fig. 9 represents a relationship between return loss 
and frequency for the antenna of the Fig. BA porta- 
ble radio when the cover is closed. 
Fig. 10 schematically shows a configuration of a 
portable radio in a sixth embodiment of the present 
invention. 

Best Mode for Carrying Out the Invention 

[0015] Hereinafter the embodiments of the present in- 
vention will be described with reference to Figs. 1-10. 

First Embodiment 

[0016] Fig. 1 schematicalty shows a configuration of 
a portable radio or mobile radio set 1 , such as a mobile 
wireless phone, in a first embodiment of the present in- 
vention. 

[0017] As shown In Fig. 1 , portable radio 1 includes a 
casing 2, a cover or flip 3 opened and closed, as desired, 
an antenna 5 and a power feed means 6. 
[001 8] Cover 3 is formed of dielectric material such as 
organic polymer and It intemally has antennas. Antenna 
5 is fomied by providing a notch 4 in a conductive layer 
provided to cover 3. The conductive layer is formed for 
example of metal and it can for example be plated or 
provided through vapor deposition. In Fig. 1 the conduc- 
tive layer has a U-letter, planar geometry and it is pro- 
vided across substantially throughout cover 3. 
[0019] As shown in Fig. 1 , notch 4 extends in a direc- 
tion of a length of casing 2, extending in cover 3 inwardly 
starting from an end of cover 3 that is not connected to 
casing 2. Notch 4 has a length LI preferably of one forth 
of a wavelength (V4). 

[0020] With reference to Fig. 2, since antenna 5 as 
described above is provided in cover 3, with cover 3 
closed a wide bandwidth of approximately 130 MHz Is 
provided for a return loss of no more than - 6dB. Thus, 
whether cover 3 is opened or closed, a single antenna 
5 is sufficient and it is no longer necessary to provide 
the cover with two antennas, as conventional. This can 
reduce reduction of antenna efficiency and also reduce 
the number of power feed lines. 



4 

Second Embodiment 

[0021] Reference will now be made to Figs. 3 and 4 
to describe a second embodiment of the present inven- 

5 tion. As shown in Fig. 3, in the second embodiment a 
notch 4a is different in geometry from notch 4 of the first 
embodiment. More specifically, notch 4a is wider at an 
end located opposite a connection of cover 3 and casing 
2 (an end moving away from casing 2 when cover is 

10 opened). The remainder of the configuration is similar 
to the Fig. 1 example. 

[0022] With reference to Fig. 4. notch 4a having an 
end increased in width results in a further increased 
bandwidth of approximately 150 MHz for the return loss 
IS of no more than - 6dB with cover 3 closed. Thus the 
present embodiment can provide a further increased 
bandwidth. 

[0023] While In the Fig. 3 example notch 4a linearly 
tapers to have a gradually increasing width it may have 
20 any other fomris that can pemnit notch 4a to be larger In 
width at a top than a bottom or root. Also note that notch 
4a has a length 12 for example of A. divided by four. 

Third Embodiment 

25 

[0024] Reference will now be made to Fig. 5 to de- 
scribe a third embodiment of the present invention. With 
reference to Ftg. 5, in the third embodiment notch 4 has 
a foot or short circuit 7 located closer to a connection of 
30 cover 3 and casing 2 and having a width W2 larger than 
a width W1 of a portion of notch 4 other than foot 7. The 
remainder of the configuration is similar to the Fig. 1 ex- 
ample. 

[0025] Notch 4 has width W1 for example of approxi- 
35 mately X divided by 40 and width W2 preferably of ap- 
proximately three times width W1 since notch 4 having 
foot 7 with large width W2 allows notch 4 to be reduced . 
in a length L3 and thus antenna 5 to be compact. 
[0026] While in the Fig. 5 example foot 7 is rectangular 
40 in geometry it may have any geometry selected as de- 
sired that has width W2 larger than width W1 . 

Fourth Embodiment 

45 [0027] Reference will now be made to Figs. 6 and 7 
to describe a fourth embodiment of the present invention 
and a variation thereof. As shown in Fig. 6, in the fourth 
embodiment a notch 4c meanders. Alternatively, as 
shown in Fig. 7, notch 4 may have only a foot 8 mean- 
50 dering. The remainder of the configuration is similar to 
the Fig. 1 example. 

[0028] At least partially meandering notch 4, 4c, as 
described above, can be reduced in lengths L4 and L5 
and thus allow antenna 5 to be compact. 

55 

Fifth Embodiment 

[0029] Reference will now be made to Figs. 8A and 
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55 
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8B and 9 to describe a fifth embodiment of the present 
invention. 

[0030] As shown In Figs. 8A and 8B, in the fifth em- 
bodiment casing 2 is provided with a resonator 9. The 
remainder of the configuration is similar to the Fig. 1 ex- 
ample. 

[0031 ] Resonator 9 is positioned to be adjacent to an- 
tenna when cover 3 is closed, and it is excited by anten- 
na 5 contactless. 

[0032] With reference to Fig. 9, the provision of reso- 
nator 9 results in two bands for the return loss of no more 
than - 6dB. Thus consequently a wide band can be 
achieved. 

[0033] As shown in Fig. 8A, resonator 9 may have one 
end with short circuit and the other end with open circuit 
to be a V4 resonator (a resonator having a length L6 of 
X divided by four) or It may have opposite ends with open 
circuit to be a V2 resonator. 

Sixth Embodiment 

[0034] Reference will now be made to Fig. 1 0 to de- 
scribe a sixth embodiment of the present invention. As 
shown In Fig. 1 0, in the sixth embodiment portable radio 
1 includes first and second matching circuits 1 2 and 1 3, 
means 14 for detecting whether cover 3 is open or 
closed, and first and second switches 10 and 11 . 
[0035] The first matching circuit 12 is connected to an- 
tenna 5 when cover 3 Is opened. The second matching 
circuit 13 Is connected to antenna 5 when cover 3 is 
closed. In parallel with the second matching circuit 13 is 
provided a resonation circuit (not shown). 
[0036] Means 1 4 can for example be that as disclosed 
in Japanese Patent Laying-Open No. 6-291 820. A result 
obtained from mean 14 Is referred to to control the first 
and second switches 1 0 and 11 . 
[0037] According to a result obtained from means 1 4 
the first switch 10 switches to connect the first and sec- 
ond matching circuits 12 and 13 to antenna 5, as de- 
scribed above. According to a result obtained from 
mean 14 the second switch 11 switches to connect the 
first and second matching circuits 12 and 13 to power 
feeding means 6. That Is, when cover 3 is opened the 
first matching circuit 12 is connected to power feeding 
means 6 and when covers is closed the second match- 
ing circuit 13 Is connected to power feeding means 6. 
[0038] The present invention has been described and 
illustrated in detail with reference to the embodiments. 
It may be provided in an appropriate combination of the 
features of the embodiments. It is clearly understood 
that the same is by way of illustration and example only 
and is not to be taken by way of limitation, the spirit and 
scope of the present invention being limited only by the 
temis of the appended claims. 

Industrial Applicability 



portable radios with a casing provided with a cover or 
flip opened and closed, as desired, and provided with 
an antenna. 



Claims 

1 . A portable radio comprising: 

10 a casing (2); 

a cover <3) attached to said casing <2) and 
opened and closed as desired; 
an antenna (5) fomned by providing a notch (4) 
in a conductive layer incorporated in said cover 
15 (3): and 

power supply means (6) for exciting said anten- 
na (5). 

The portable radio according to claim 1 . wherein: 

said conductive layer is provided substantially 
throughout said cover (3); and 
said notch (4) extends from an end of said cover 
(3) free of a connection to said casing (2). 

The portable radio according to claim 1 , wherein 
said notch (4) extends in a length direction of said 
casing (2). 

The portable radio according to claim 1, wherein 
said notch (4) has a length (LI) corresponding to 
one fourth of a wavelength. 

The portable radio according to claim 1 , wherein 
said notch (4) as seen lengthwise has one end larg- 
er in width than the other end. 

The portable radio according to claim 5, wherein 
said notch (4) has said one end positioned opposite 
a connection of said cover (3) and said casing (2). 

The portable radio according to claim 5, wherein 
said notch (4) has said end positioned closer to a 
connection of said cover (3) and said casing (2). 

The portable radio according to claim 1 , wherein 
said notch (4) is at least partially bent in geometry. 

The portable radio according to claim 1 , wherein 
said casing (2) Is provided with a resonator (9) ex- 
cited by said antenna (5). 

10. The portable radio according to claim 9, wherein 
said resonator (9) Includes a M wavelength resona- 
55 tor having one end with short circuit and the other 
end with open circuit. 
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[0039] The present invention is usefully applicable to 



11. The portable radio according to claim 9, wherein 
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said resonator (9) includes a 1^ wavelength resona- 
tor having opposite ends with open circuit. 

12. The portable radio according to claim 9, wherein 
said resonator (9) is positioned to be adjacent to 
said antenna (5) when said cover (3) is closed. 

13. The mobile radio set according to claim 1 . compris- 
ing: 



10 



first and second matching circuits (12, 13); 

detection means (14) detecting whether said 

cover (3) is open or closed; 

a first switch (1 0) switching according to a result 

obtained from said detection means (14), to ^5 

connect said first and second matching circuits 

(12, 13) to said antenna (5); and 

a second switch (11) switching according to a 

result obtained from said detection means (1 4), 

to connect said first and second matching cir- 20 

cuits (12, 13) to said power supply means (6). 
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FIG. 6 
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